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Part A: THE NUCLEAR FUEL CYCLE 

The nuclear fuel cycle is the step-by-step utilization 
of uranium from exploration and mining to final disposal of 
high-level wastes or spent fuel from the production of 
electricity in commercial nuclear power plants (see Exhibit 
A-1) . Reprocessing allows for recovery of valuable resources, 
namely uranium and plutonium, and reduces the amount of high- 
level radioactive waste that requires disposal. The recovered 
uranium can be recycled as fuel for reactors, or a mixture of 
uranium and plutonium, referred to as mixed-oxide fuel, can 
be used if approved by the licensing agency. Nuclear Regulatory 
Commission. Reprocessing is essential for providing plutonium 
for fueling the breeder reactor. 

Each ton of spent fuel contains uranium and plutonium 
with energy equivalent of almost 200,000 barrels of oil. 
Reprocessing reduces the amount of uranixim mining and enrich- 
ment by 33% and 25% respectively. In addition to reducing 
the volume of high-level radioactive wastes, the period of 
time required for the waste to reach a hazard value equivalent 
to that of original ore is 500 years for reprocessed wastes 
compared to 10,000 years for spent fuel, and the final form 
of the waste is much more chemically stable. The high level 
wastes can be combined with molten glass formers and vitrified, 
the method currently used in Prance for waste management. 

The chemical process that separates uranium, plutonium, 
and fission by-products is a solvent extraction process 
based on the fact that plutonium 's chemical properties vary 
with its oxidation state. Spent fuel is dissolved in nitric 
acid. This liquid is then mixed with an organic solvent. 
Uranium and plutonium ions migrate into the solvent while 
fission products do not. After several purgings^ the 
fission products are removed and the plutonium is separated 
from the uranixim stream by an oxidation process that causes 
it to precipitate in the form of plutonium nitrate. 

All nuclear plants to-date were designed with reprocessing 
in mind so that only a limited amount of storage area for 
spent fuel was provided. If reprocessing of commercial spent 
fuel does not become available in this century, utilities or 
government spent fuel storage areas must be built for that 
now accumulating. 
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Part B: FROM GOVERNMENT TO PRIVATE INDUSTRY 

The Atomic Energy Commission (AEG) was created in 19 46 
and the responsibility for atom splitting was transferred^ 
from the Army Gorps of Engineers' Manhattan Project to this 
new five-member civilian commission which was directed to 
encourage the development of peaceful uses of atomic energy. 
During the Eisenhower Administration, the Atomic Energy Act 
of 1954 was passed, allowing private industry to develop 
nuclear power plants with the government retaining control 
of the nuclear fuel. In 1953^ Gongress had appropriated 
funding for a demonstration project and by 19 57 the West- 
inghouse reactor was in operation at Shippingport , Pennsyl- 
vania. A new industry was born. 

In 1964, Gongress authorized the sale to private 
industry of uranium enriched at government facilities. 
While the government remained responsible for disposing 
of the wastes left after the fuel was used, the AEG encouraged 
private industry development of plants to reprocess 
spent fuel from power reactors. 

In the late 1960 's and early 1970 's, two private 
companies. Nuclear Fuel Services (NFS) and General Electric 
(GE) , made attempts to provide small-scale (300 metric tons 
per year) reprocessing seirvices. The NFS plant operated for 
a short time, but government-required modifications resulted 
in commercial failure of the venture. The GE plant never 
operated, as tests indicated that a change to the basic 
process would not work as designed and modifications did not 
appear to be economically feasible. 

In 196 8, Allied Ghemical filed an application for a 
large-scale (1500 metric tons per year) reprocessing plant. 
The government helped arrange for land purchase next to the 
Savannah River Plant, a military reprocessing plant near 
Barnwell, South Garolina. After Gulf Oil became a partner, 
Allied-General Nuclear Services (AGNS) was created. The 
Barnwell Nuclear Fuel Plant (BNFP) was to utilize the basic 
government process with tributyl phosphate as the solvent, 
referred to as the "Purex" process. 

In 19 76, Dr. James Buckham joined AGNS as Executive^ 
Vice President, later becoming President. He received his 
PhD in chemical engineering in 1953 and had been researching 
and developing processes involving nuclear fuel for a number 
of years at the government's Idaho Chemical Processing Plant. 
He was awarded the Robert E. Wilson Award by the American 
Institute of Chemical Engineers in 1974 for his outstanding 
accomplishments. He came to AGNS with the expectation that 
BNFP would be licensed and operating in a few years. At 
this time, the major facilities of the plant were complete: 
fuel receiving and storage station, separations facility, 
uranium hexafluoride facility, and liquid waste storage tanks. 
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As Executive Vice President, Dr. Buckham was responsible 
for all the operational and technical aspects of the plant. 
Later, as President, he was also responsible for the adminis- 
trative portion. At this time, reprocessing appeared to be 
a profitable enterprise if managed well, based on the expected 
sale of uranitm and plutonium. The Nuclear Regulatory Commission 
had not completed licensing for mixed-oxide fuel, but they 
were proceeding towards this. There was a need for plutonium 
for the Clinch River Breeder Reactor being developed by the 
government, and Westinghouse was considering building a fuel 
fabrication plant for mixed-oxide fuel. Dr. Buckham felt good 
about the progress of industry. 
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Part C: THE CARTER ADMINISTRATION 
Presidential Statement 

On April 1 , 1311 President Jimmy Carter, citing the 
nuclear nonprolif eration policy of his administration, 
indefinitely deferred commercial reprocessing (see Exhibit 
C-1) . In his statement. Carter spoke of BNFP: 

The plant at Barnwell, South Carolina. . .will 
receive neither Federal encouragement nor 
funding from us for its completion as a 
reprocessing facility. 

Department of Energy Contract 

In spite of this. Congress required the Department of 
Energy (DOE) to fund research and development of methods 
to prevent diversion of plutonium at the Barnwell plant. 
The Subcommittee on Energy Research and Production under 
the House of Representatives Committee on Science and 
Technology wa,3 in support of BNFP as well as several 
members of Congress. This subcommittee was instrumental 
in obtaining funding for the research project. 



ECL 26 2C 



6 
c. 
c 



c. 



5^ 



f if B^Z 



•I gi 



iill 



•I C t 5 
« 0 « « 

1 sj! 

2 J*- 1 

^ C t- ir 



^ I llljtiHIilHJll .ill Mill I- 



1 " 



11 



lli 



S "5 « c 



^ " > > ^ 

k, ^ 5 . — 



5 w 



^ ^ § I •= 



? ^ c 

rli 



i I? 



« S is * 



^ 6C-C 2° 

Sec 

— j; S c « 

ma 

5^1 ■£ 



' i - 
lis 



Hi 



« fe «- ee 

k 2== 



. c S 8 - S « 
« — i S £ c ^ 

g s_ S V = t. 



8 f E 



c i •= ^ = <^ 
« 3 -o X 



= ^ # 

II 




« 5 - 3 == ^ 



=-3 s 

E 



t S je 2 f» *C 

I II ^ 



c e .r 

- 3 ^ 

£ 5 = 

2 c t» 

•s 1 



I: 6 I 
e s.- 

s 

-11 = 



- fe - 

« f o K 

!« O 



Si s 



i ? E S: 



lli 
1 1- 



R i 
11 



£ ~ bc 

^ il 

if! 

I! it 
i 1 



i 

e 

IS 

I! 



2^ 



Ill 



.r x * 

« C i 

^ Sx 



s S = 

■g ill 

1 g I £ 

1:1 = 



III 



It! 

i - s 



SS-| 5 g. 



-P O 
U 0 




& 2 ■£ S •- 
5 E 5 j.- 

1 S - f s 
» ill Ji-s 



« ^ C U SH 
O-T 3 ^ C 




I 

u 



X 



•H 0 

CO 04 

CD 

u u 

<D 
>i»H 
^ O 

D 

(0 o 
CIS 



s 



8 



ECL 262C 



.9 




4J 
C 

o 



11^ 

Hi 



ill 



11 

III! 



5- = 



u 



1; 



4s 

i f 

Z > 



£•5 S 



.1 1 



.§ - 

- ac 
s c 

si 
= 1 

« ^ w 

« C C .er 

1111: 



si 



.2 *^ .2 



11 



f r . 1 2- 8 



III 

•f ^ £ - 



-5 «S 



•s ? n M I 



•5 i. 
i 4 



5 r 



> Z 



Li 



1.5 



iS^sTg-fil 'isfTo'lis rl^tii*il_ 



fc -f r = 2 c 3! 5 ^ ^ •= i 



lit- 
1 is 




^ I 
-5 S 



— C t. o 



c V C £ >-*i Sf i 



«^ J5 <- 



c 



i ; ^ i 



- £ e c 



c 



•S^fi 5.5 



o-o 



1 * i g 1 5 
;?£«=&.£ 



f ^ 

Hi 



11 

«; 2 

'is 



i4|- 
If 



it 



I i 

*s e 

ri 

4 -St 



^ 1 2 



. ^ t 



as 

.5 H. «• 1/' 

be T 

i ^ 3 £ 

; 56 = - 5 

a. 5 I fc 

■ c. - " ^ 



^ 5 - ^ .r . 

5 5t ^ = ; 

^ y w u- ' 

3 — i»; •* 



If ^ 



5 -2 I 



^ = =• = ^ 4 



C «i 



£ S 

i. |- 

|_ I , 

*£ c 

li 



if 



I 

o 

•H 



ECL 262C 

9 




10 



ECL 26 2D 



Part D: THE DOE CONTRACT 

After Carter's decision was announced, AGNS held a 
board meeting. Dr. Buckham remembers that they considered 
two possibile options: 1) close the plant immediately , 
2) wait and see if the policy holds. Option 2 was based 
on the encouragement AGNS was receiving from members of 
Congress who felt that reprocessing was still desirable 
in the United States. AGNS chose to wait. Dr. Buckham says 
that he thought a reversal . in Carter's policy would occur 
within four to six months. 

Along with the ban on reprocessing, the Nuclear Regulatory 
Commission stopped the studies for Generic Environmental 
Statement on Mixed-Oxide Fuel (GESMO) and Westinghouse 
announced they would not proceed with the mixed-oxide fuel 
fabrication plant. These events had a major affect on AGNS 
and the waiting game because this made reprocessing a much 
less attractive business venture. Under these circumstances, 
only the uranium would have a market; plutonium would not. 

AGNS entered into the DOE contract not knowing exactly 
what the expected results were. Dr. Buckham met with officials 
of the DOE several times to discuss the terms of the contract 
and outline a program. One of the major reasons AGNS wanted 
the contract was to keep the staff at the plants but not to 
the extent of one recommendation made to Dr. Buckham: let 
everyone go on vacation. He wanted actual research projects 
for his employees. The result of the meetings was a decision 
to develop the '•most sophisticated nuclear safeguards system 
in the world." 

The Advanced Integrated Safeguards System was designed 
to account for special nuclear material using instrximents 
interconnected through a ntmber of minicomputers to a physical 
protection system including voice verification, video obser- 
vation, motion and intrusion detectors, access controls 
and verification, and alarms. Dr. Buckham is very proud of 
the system and feels that it has been tested and verified to be 
acceptable. Along with safeguards, proliferation-resistant 
fuel processes were studied. Other areas covered in the DOE 
contract included spent fuel storage, handling, and trans- 
portation. The biggest problem Dr. Buckham had involving the 
contract was to writ^ programs each year for funding approval 
that could begin and reach an end in the year of funding. He 
always felt that each year would be the last year government 
funding would be required. One example of this comes from 
the 1980 testimony before the Subcommittee on Energy Research 
and Production: 

...the owners of the BNFP are reluctant to seek 
continued R&D funding beyond FY 19 81. Our hope 
is that Barnwell be transferred to the government 
on an equitable basis during FY 1981. Actions 
can be initiated by Congress, now, which will lead 
to the transfer of the Barnwell facility to the 
government during FY 1981. 
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Part E: THE REAGMI ADMINISTRATION 

The government did not take possession of BNFP in 1981 
as AGNS hoped. Ronald Reagan was inaugurated President that 
year and his Administration brought many changes in policy. 

The Reagan Administration can be characterized by a 
general attitude of encouragement for private industry with 
as little government interference or involvement as possible. 
This was evidenced by his nuclear policy statement issued 
October 8, 1981, which lifted the ban on reprocessing with 
the charge that the private sector take the lead while the 
government pursue stable long-term policies and eliminate 
regulatory impediments (see Exhibit E-1) . 
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Part F: AFTER REAGAN'S DECISION 

Based on Reagan's support of reprocessing, it would seem 
that AGNS would surge forth toward completion of BNFP. This 
was not the case. Dr. Buckham explains why: 

"We never believed that Carter's decision was forever 
— it just didn't make sense. We kept the option of 
completion open during the entire Carter Administra- 
tion, but the ramifications of his decision — delays 
in licensing approval for mixed-oxide fuel. Westing- 
house cancellation of the fuel fabrication plant, and 
Clinch River Breeder Reactor debates — and the 
delays it caused removed our incentives to risk addi- 
tional investment. Even so, we were very encouraged 
by Reagan's decision, but then nothing happened. 
Bechtel and Westinghouse expressed interest in Barn- 
well, but wanted a government policy guarantee which 
was slow in coming. I did not become discouraged 
until they dropped out in April, 1983. I am still 
looking for investors because I believe reprocessing 
will be done. It is just a question of time. As 
a chemist^ I see generating electricity from fossil 
fuels as such a waste of resources needed in other 
important areas. Uranium and plutonium have virtually 
no other possible uses^ and reprocessing provides a 
means to guarantee energy well into the future." 

Funding for the R&D efforts expired July 31, 198 3, AGNS 
funds started in May^ the same month the lay-offs began. 
Dr^ Buckham had earlier predicted that he could have the 
plant operational within three years from official go-ahead. 
He also felt that if he could hold on to his employees until 
a more sympathetic president took office, Barnwell might be 
saved. It does not appear as though that will happen. Fund- 
ing from the nuclear utilities does not look promising as they 
have no incentive to invest in reprocessing as long as uranium 
supplies are guaranteed and they are prohibited from using 
mixed-oxide fuel in the reactors. 

In March, 1983, AGNS filed suit against the Federal 
Government for taking property without just compensation, 
stating that the 1977 deferral eliminated the opportunity to 
operate the plant and destroyed the value of their investment. 
If AGNS wins the lawsuit, the U. S. Government will own BNFP. 
Dr. Buckham said that he had heard rumors that the government 
might file an injunction preventing him from selling any 
plant equipment^ but he has not yet received any notice of 
this . 
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Part G: THE MCCORMACK PROPOSAL 

In 1977 when Carter made his nuclear policy statement, 
Mike McCormack was the Chairman of the House Science and 
Technology Subcommittee on Energy Research and Production. 
Congressman McCormack saw three objectives of his Subcommittee: 
1) relieve U. S. dependence on oil, 2) ensure long-term 
energy supplies, and 3) protect the environment. In meeting 
these objectives, the subcommittee supported solar, geothermal, 
fusion, and nuclear fuel cycle projects, and was instrumental 
in funding R&D activities at BNFP. 

In 1983, Mike McCormack is no longer a Congressman, but 
a consultant in science, energy, and government. Educated 
in chemistry, he has the background necessary to tie these 
areas together. His proposal for a Federal Nuclear Fuel Cycle 
Corporation is presented as Exhibit G-1. In it is an alter- 
native for future use of BNFP. 
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Federal Nuclear Fuel Cycle Corporation 

The Administration has indicated a reluctance to use 
budgeted funds to continue development of a nuclear fuel cycle 
program. On the other hand, industry has indicated that it has 
very little interest in going ahead on its own, especially without 
substantial federal involvement and some guarantee of continuity. 
This would be unacceptable to the Congress. 

Serious consideration of a public corporation (a Federal 
Nuclear Fuel Cycle Corporation) may be in order at this time 
for handling most of the nuclear fuel cycle. The exact structure 
of such a corporation may be defined at a later date. 

The Federal Nuclear Fuel Cycle Corporation (FNFCC) would 
handle almost all of the nuclear power fuel cycle in the same 
way that the federal government handles the fuel cycle for the 
weapons program. Except for the mining and milling of uranium, 
and the fabrication of uranium (only) fuel elements, the federal 
government would pre-empt ownership of all facilities used in the 
fuel cycle and operate them by contract with private industry (as 
with the weapons fuel cycle) , Ownership of all fissile and fertile 
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material would be pre-empted by the government, starting after 
milling. The FNFCC would lease fuel elements to any utility, 
foreign or domestic (with IAEA supervision for foreign utilities) 
on condition that the fuel elements are returned for reprocessing. 
The United States will probably need three fuel cycle centers; 
one at Barnwell (.which could be purchased by t^e FNFCC) , one at 
Hanford, and one at some site in the South or Mid-west. Each 
site would include a reprocessing plant built to produce a stream 
of blended uranium and plutoniura, and a stream of waste for 
immediate glassif ication . The uranium-plutonium blend would be 
in such ratios as would be used for fuel, but would not work in 
any weapon. 

The FNFCC would probably be controlled by a Board of Directors 
nominated by the President and confirmed by the Senate. Initial 
financing could come from assessments against utilities for 
reprocessing of existing spent fuel. 

Back-of-the-envelope calculations indicate that with a 
charge of perhaps 3 rails per kilowatt hour of nuclear electricity 
produced, all of the operations of the corporation, all of its 
debts, and the nuclear power research, development, and demonstration 
presently funded as part of the DOE budget could be funded. This 
would include the CRBR. 

(The revenue from one conventional (1000 MWe) power plant, 
operating at 67% load factor, is 56 milUon/yr for each one mil/KWH. 
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By 1985, there will be about 80 GV7e of nuclear power on the line 
in the United States. At 3 mils/KWH, these plants would produce 
about ?1,5 billion/yr for FNFCC operations.) 

An FMFCC could absorb Barnwell and the CRBR, along with 
all enrichment facilities. Thus, all these items would be removed 
from the budget. 

Private industry would perform all operations on cost- 
plus "Go Cos", thus eliminating any potential to cut corners on 
safety to make a profit. 

Small nations with a few nuclear power plants would find 
it cheaper to lease fuel from the FMFCC than to try to reprocess 
it themselves. This would constitute a major and realistic 
— non-proliferation initiative. 
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Part H: REPROCESSING IN OTHER MAJOR NUCLEAR POWER COUNTRIES 

Reprocessing is performed by several countries at present, 
and additional plants are in the planning or construction 
phase. France and the United Kingdom are the world leaders 
in this field, both contracting out to other countries for 
fuel reprocessing services. The French reprocessing corpor- 
ation, COGEl'lA, has contracts with thirty different utilities 
in six different countries operating some seventy power 
reactors. These six countries are Japan, West Germany, 
Switzerland, Belgium, the Netherlands, and Sweden. British 
Nuclear Fuels Limited presently reprocesses Swedish, Spanish, 
and Japanese spent fuel, and with the Thermal Oxide Reprocessing 
Plant (THORP) facility now being constructed, they will nave 
facilities to reprocess light-water reactor fuel and expect to 
have additional contracts after completion. Japan and West Germany 
are in the. process of building large scale reprocessing plants to 
handle at least a portion of their domestically produced spent fuel. 
One very basic reason for these countries to reprocess is the lack 
of or a small domestic supply of uranium, unlike the United States 
and Canada who presently do not reprocess spent fuel. However, not 
all uranium used for reactor fuel in the U. S. is from domestic 
sources . 

In France, the Marcoule plant began reprocessing for 
the military in 1958 and now reprocesses spent metallic fuel 
from the early gas-cooled reactors. A second plant. La Hague, 
began operating in 1967. By 1976, additions to this plant 
enabled it to handle oxide fuel from the light-water reactors, 
and in 1979, modifications were made to handle breeder fuel. 
Enlargements and a new facility are planned. Both Marcoule 
and La Hague utilize the Purex process. 

The British modified and expanded its military 
reprocessing plant at Windscale to handle spent power reactor 
fuel by 1957. The second generation plant used the Purex 
process and was operational in the early 1960 's. These 
facilities reprocessed the magnox fuel used in the British 
reactors which does not store easily in water because of the 
susceptibility of the cladding to corrosion causing radioactivity 
buildup in the storage pools. The newest Windscale facility, 
THORP, will provide the capacity to handle oxide spent fuel which 
is used in their advanced gas-cooled reactors. The contracts with 
other countries can be more easily fulfilled with this increased 
capacity. 



The Japanese built a research facility, Tokimura, and 
are building a larger plant to reprocess their spent fuel. 
In their contract with the United States for uranium fuel, 
they were obliged to obtain permission to reprocess. This 
permission was obtained during the Carter Administration. 

West Germany built a research facility at Karlsruhe 
which utilized the Purex process. A larger plant is being 
constructed by DWK, the company established by the utilities. 
Reprocessing is considered an essential part of the Federal 
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Republic of Germany's plan for closing the nuclear fuel^ cycle 
and is part of their overall energy plan of increasing relianc 
on nuclear power. 

Other countries who have or have had research plants 
in operation include Italy, Argentina, Spain, Yugoslavia, 
Russia, China (military) , India, and Canada. 
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Part I: DEPARTMENT OF ENERGY'S POSITION 

In a speech at the Institute of Nuclear Materials 
Management 24th Annual Meeting (7/10-13/83) , Kermit Laughon, 
Director of the Office of Spent Fuel Management and Repro- 
cessing Systems, U. S. Department of Energy, gave the present 
conditions as follows: 

" Commercial reprocessing of spent nuclear fuels will 
occur in the United States when the economics are 
shown to be favorable, regulatory uncertainties are 
resolved, and when our Government and industry find 
a mutually supportive arrangement for proceeding. 
. . . The more immediate issue is whether or not the 
nuclear industry will step forward to help preserve 
the option of reprocessing at the Barnwell Nuclear 
Fuel Plant in Barnwell, South Carolina. . . . Since 
1977, it has become clear that other countries intend 
to proceed with reprocessing regardless of its fate 
in the United States, indicating that the unilateral 
U. S. prohibition of domestic reprocessing did little^ 
to alter the nuclear power strategies of other countries. 
... it remains clear that as our installed nuclear 
power capacity increases, better uranium utilization, 
through breeder reactors and possibly mixed-oxide 
recycle in light-water reactors, will require repro- 
cessing. Since the lead time for establishing a 
mature reprocessing industry is one or more decades, 
there are national incentives for moving forward with 
some reprocessing efforts in the near term to provide 
a technical and economic basis for use in longer term 
planning by both Government and industry. 

If the United States is to have commercial reprocessing 
in the next 10 years there is only one practical 
opportunity, the Barnwell Nuclear Fuel Plant. In 
considering reprocessing efforts that might be under- 
taken in the next decade, the discussion inevitably 
centers on this plant. Further, if a way to complete 
and operate this partially constructed plant cannot 
be found, a totally new venture between now and the 
end of this century would seem to be out of the 
question. Therefore, it is clear that if we are to 
move forward in the next decade there must be industry 
support for the Barnwell plant as well as tangible 
Government support. 

Anyone who believes in the merits of civilian nuclear 
power and understands the technology will agree that 
reprocessing should be an integral step in the nuclear 
fuel cycle. The question now appears to be whether 
or not industry will have sufficient incentives to 
provide the minimal funding needed to preserve Barnwell 
in its present condition as an option for future repro- 
cessing. The next few months will provide an interesting 
test for the nuclear industry in this regard." 
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INSTRUCTORS NOTES 

This case study presents an example of one 
company's struggle with government policy shifts 
in a highly regulated industry. The company invested 
a considerable amount of time and money in what was 
expected to be a profitable business that they believed 
would provide an important service in answering the 
nation's energy needs. Close to completion of the 
company's facilities, the government reversed policy 
preventing the company from recovering any of its _ 
investment. Recently, the policy was reversed again, 
but the company still felt there were too many uncer- 
tainties to proceed. 

This study illustrates one very important aspect 
of our government — the ability to change policy 
when deemed necessary. Even though this is desirable 
in a Democracy, there can be instances where this 
conflicts with the free enterprise system of Capitalism 
It also points out the risk involved in capital 
ventures as well as the hesitancy of the government 
to take over an industry that has not proven profitable 

This study provides chemical, mechanical, and 
nuclear engineering students with examples of problems 
they may be faced with in their careers. The energy 
needs of our nation and the world must be met. Some 
choices have to be made that will not satisfy every 
need or desire. The available choices may all have 
drawbacks, whether social, environmental, economic, 
or technical. Choices made today will affect all the 
generations to follow because most energy comes from 
finite resources. Reprocessing provides a means to 
stretch one of the resources into fuel for many years 
to come . 

The following provides suggestions for questions, 
assignments, or discussion involving this case study. 

Part A: THE NUCLEAR FUEL CYCLE 

1. Presently, there are two methods being used for 
disposal of high-level wastes: 1) Canada stores 
spent fuel in dry storage areas, 2) reprocessing 
wastes are vitrified in France and the United 
Kingdom. Under the Nuclear Waste Policy Act of 
1982, research into methods and locations for 
disposal will be performed. Have the students 
compare the differences in the type and amount 

of wastes and discuss the results. Appendix 1 
gives some infoimation relative to toxicity. 

2. Chemical engineering students might be required 
to write the chemical equations for the processes 
and discuss why and how this separation occurs . 
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Part B: FROM GOVERNMENT TO PRIVATE INDUSTRY 

1. Engineering students might be required to go 

back to the original design of military reprocessing 
plants and then review the design of the commercial 
reprocessing plants and compare the differences. 
What differences exist between military reprocessing 
and spent fuel reprocessing based on the length of 
time the fuel stays in a nuclear reactor? 



Part C: THE CARTER ADMINISTRATION 

1. Is Plutonium found in nature? 

2. What material can be used to make nuclear weapons? 

3. Is plutonixm dangerous to hold in your hand? Why? 
Which isotopes? 

4. What is a medical use of Plutonium 238? 
ANSWER: Power source for heart pacemakers. 

5. Is plutonixm in small amounts lethal? 

6. What is required for plutoni\am to begin a chain 
reaction? 

7. How does a breeder reactor produce fuel? 

8. What was Carter's biggest concern in reprocessing? 
Could he have chosen a different means of controlling 
the spread of technology in this area to other 
coxintries? How might he have done this and retain 
reprocessing in the U* S? 

9. If you were asked to design a shipping rig for a 
tractor-trailer truck to transport spent fuel 
assemblies, what safeguard features would you incor- 
porate to prevent sabotage during transport? What 
other factors must be considered? 



Part D: THE DOE CONTRACT 

1. For nuclear engineering students: How would mixed- 
oxide fuel be different from uranium fuel in a 
light-water reactor? 

2. Can you think of other technical (chemical or physical) 
means to prevent diversion of plutonium at a reprocessing 
plant other than the Advanced Integrated Safeguards 
System described in this section? 
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Part E: THE REAGAN ADMINISTRATION 

1. What areas are cited as problems for the nuclear 
power industry that the government has created? 

2. In Reagan's statement, items (2), (3), and (4) 
are all related. Discuss their relationship and 

the role of reprocessing in future energy projections. 



Part F: AFTER REAGAN'S DECISION 

1. If you were president of AGNS, what would you have 
chosen to do? Why? Make a list of each point you 
considered in coming to this conclusion. 

2. What incentives are there for government ownership 
of BNFP on the part of 1) the government, 2) the 
industry, 3) society? 



Part G: THE MCCORMACK PROPOSAL 

1. How could this proposal meet the nonprolif eration 
requirements of the U»S? 

2. Why would such a proposal even be considered in a 
capitalist country? 

3. What are examples of other industries owned by the 
government? What makes this acceptable in some 
cases? 



Part H: REPROCESSING IN OTHER MAJOR NUCLEAR POWER 
COUNTRIES 

1. Before reading this section, list a few reasons 
why reprocessing would be attractive to some 
countries . 

2. Compare "Socialism" and "Democracy." Discuss how 
the nuclear industry has evolved under both types 
of government. Why is it easier to do long-term 
planning in a Socialist government? 

3. Have the students research the French breeder 
reactor program and find out how much fuel has 
been "produced." Does it work? How? 



Part I: DEPARTMENT OF ENERGY'S POSITION 

1. Have the students discuss what they think DOE will 
do when the BNFP closes its doors. Will they take 
it? Find out what actually happens (happened) to 
BNFP and AGNS . 
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THE TOXICITY OF NUCLEAR WASTES 



The primary function of a Federal waste repository will 
be to prevent release of radioactivity into the biosphere. 
The purpose of placing wastes in geologically stable for- 
mations is to protect the environment from the toxicity of 
components which have extremely long half-lives. In com- 
paring the alternatives of spent fuel disposal and repro- 
cessing, it is consequently of interest to compare 
toxicity of reprocessing wastes with that of fuel 
assemblies . 

Toxicity can be expressed in terms of the volume of water 
which would be required to dilute the total curie content 
of the "waste" generated from one metric ton of spent fuel 
to drinking water, based on current standards and assiaming 
theoretical solubility of all components. When the total 
radioactivity levels of reprocessing wastes and spent fuel 
elements are compared as a function of decay time, the 
results show that for the first few hundred years, the 
hazards associated with either spent fuel or high-level 
waste from reprocessing are in the same range. This is due 
to the presence of fission products, which account for the 
greatest hazard during this time frame • However, after a 
few hundred years, the hazards of spent fuel remain higher 
than reprocessing waste because of the presence of long- 
lived actinides* Comparing both with the hazards associated 
with the original ore body, the results show that for the 
waste to reach a hazard value equivalent to that of the 
original ore the time intervals are (1) 500 years for high- 
level waste from reprocessing, and (2) 10,000 years for 
spent fuel. 

From this it may be concluded that: 

a. The difference between reprocessing waste and spent 
fuel elements is one of degree, not of kind. 

b. The time- integrated activity for reprocessing waste 
is less than that for spent fuel elements by a factor 
of about three. This is true even if some of the 
reprocessing waste were to come from mixed-oxide fuel- 

c. No matter what criterion is chosen as the threshold 
toxicity, it takes longer for spent fuel elements to 
become innocuous than it does for reprocessing waste. 

From: Barnwell Nuclear Fuel Plant Journal ; Background 
Material, Summaries, and General Information on BNFP 
Programs and Nuclear Fuel Reprocessing; February, 1980; 
prepared by Allied-General Nuclear Services. 
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